. Ambrosia artemisiifolia also has become a major weed in European agriculture, especially in spring-sown crops such as sunflower, maize, sugar beet and soybean (Komives et al. 2006 ). In addition A. artemiisifolia produces large quantities of highly allergenic pollen representing one of the main causes of pollinosis in many regions of the word (Smith et al. 2013) . In Europe, given the high prevalence of sensitized people, social and economic impacts are significant (D'amato 2015) . For instance, the annual health costs related to ragweed allergy have been estimated at € 110 million in Hungary, € 88 million in Austria (Gerber et al. 2011 , and references therein) and more than € 1,7 million in a 90 square-km area in North Italy (http://www.aslmi1.mi.it/), areas all highly invaded by A. artemiisifolia.
Common ragweed is continuing to expand across Europe, and future changes in climate and land use are expected to facilitate further spread to currently unsuitable areas (Essl et al. 2015) . These changes can also augment the production of pollen (Ziska et al. 2000; Singer et al 2005) . HamaouiLaguel and collaborators (2015) predicted a fourfold increase of airborne concentration of common ragweed pollen in Europe by 2050. This great increase of pollen concentration in the atmosphere along with the presence of pollutants, which can increase the allergenic potential of pollen (Zhao et al. 2015) , constitutes a further alarming threat to human health.
Current management of A. artemisiifolia is mainly based on the use of broad-spectrum herbicides and mowing (Bohren et al. 2006; Patracchini et al. 2011) , the latter of which has been enforcedly adopted by several local health authorities and municipalities to reduce pollen production, but effects are limited so far (Müller-Schärer et al. 2014) . Another promising approach is classical biological control, where natural enemies from the native range are introduced to control the plant in the invaded range (Müller-Schärer & Schaffner 2008) . This method has proven to be permanent, environmentally friendly and a cost-effective control of several invasive plants (Seastedt 2015 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Bonini et al. 2015) . This strongly indicates a huge effect of the insect, and a direct benefit for human health. Nevertheless, before deciding on actively spreading this insect for ragweed control, potential concomitant negative impacts for human health, agriculture and the environment need to be carefully studied. Regarding human health, it is yet unclear how sublethal damage by O.
communa will affects the quantity and quality of ragweed pollen produced. Non-lethal attack by aphids under controlled conditions reduced not only the quantity but also the viability and protein quantity of A. artemisiifolia pollen (Basky et al. 2009 ). However, a body of literature shows opposite effects, with several types of biotic and abiotic environmental stress increasing the severity and frequency of respiratory allergic diseases (Singer et al. 2005; Smith et al. 2013; Sinha et al. 2014 , Zaho et al. 2015 . Consequently, it cannot be excluded that non-lethal attack levels by O.
communa may result in more aggressive (more allergenic) pollen.
In this paper we report results of a laboratory experiment investigating the impact of defoliation by O. communa during flowering time on the quantity, viability and allergenicity of pollen produced by common ragweed plants. with the plant from seeds in controlled conditions as described above.
Materials and Methods

Plant material
Ophraella communa
Egg batches and males of Ophraella communa were collected from A. artemisiifolia in Magnagno, ca. 40 km from Milano, on two occasions in July 2015. They were kept in aerated pots, provided with ample fresh leaves of A. artemisiifolia in the same room as the plants for a maximum of 10 days.
Experimental procedure
Plants were weekly checked for the presence of floral buds. Once the first buds appeared in July 2015, a total of 17 pairs of plants were formed, by choosing 11 pairs of sister plants (all from different mother plants) and 6 pairs of relative clones (from 6 individual plants) that were as uniformly in size as possible. Of each pair, one was randomly assigned to the beetle treatment, and the other served as control. Individual plants were subjected to their assigned treatment when their floral buds appeared, and all treatments started within a three-week period. The maximum height A). Plants assigned to the Ophraella treatment received a centrifuge tube near their stem before the tissue was closed, and which contained six male beetles and three unhatched egg batches each containing a minimum of 10 eggs on pieces of leaves, collected 1-10 days before. In two cases where no beetles or larvae were seen after a week, the same amount of beetles was added again. In addition, we applied a cutting treatment to the uncaged leaves of all Ophraella-treated plants to
simulate Ophraella feeding of those leaves that could not be accessed by Ophraella. Three weeks after the start of the treatment, 90% of the uncaged leaf tissue was cut manually in such a manner that only the veins remained, and this was repeated biweekly. When the caged part of the plant had been completely defoliated by the beetles (usually after four weeks), all remaining beetles were removed by an exhauster. Control plants were caged similarly but did not receive any beetles nor manual cutting. Mature pollen of each plant was recovered in transparent collectors, by covering 1-3 male inflorescences with a modified ARACON system (Kanter et al. 2013 ; Figure 1 B) until 10 weeks after the start of the treatments.
Plant traits
We collected data on plant performance that are known to be well related with the amount of pollen produced (Fumanal et al. 2007; Sauliene et al. 2012) . Plant height (cm), measured from the ground to the maximum growing point of the main branch, and lateral spread (cm), measured as the maximum diameter of the plant, were recorded just before the cage was installed and after 10 weeks of treatment. In addition, the following plant reproductive traits were recorded per plant: the number of racemes (the spikes with male flower heads), male flower heads and female flowers, as well as the weight of the pollen collected. Three independent experiments for each raceme were performed.
Pollen allergenicity
Slot blot technique was applied to assess the whole allergenicity of pollen collected from the different racemes. Soluble protein extracts were prepared according to Aina et al. (2010) . Equal volumes of these extracts were bound to nitrocellulose membrane and first stained with Ponceau S staining solution [0.1% (w/v) Ponceau S in 5% (v/v) acetic acid] to assess the amount of proteins loaded in each well. Membranes were then used to evaluate the immunoreactivity of the different pollen extracts to a pool of sera from ragweed allergic patients, previously selected (Asero et al. 2014 ). Image analysis was applied to quantify reactivity signals. The integrated optical density (IOD) of immunoreactive spots with respect to the IOD of standard (Allergon®) was measured. At least three different samples for each racemes were analysed.
Statistical analysis
Statistical analyses were performed using the GraphPad Prism software for Windows (version 4.0
GraphPad Software Inc., San Diego CA): ANOVA and Tukey test were applied to the data when normality and homogeneity of variance were satisfied. Data not conforming to the assumptions 
Results
Ragweed clones and plants from seeds were exposed to the beetle since the very beginning of their flower development for 10 weeks, whereas a sister plant/clone remained untreated. After this period, plant traits as a proxy for pollen production, along with the pollen viability and allergenicity were measured.
Ophraella feeding both by adults and larvae caused complete defoliation in the treatment cages and (Table 1) . Also the clone pairs did not show any statistical difference (P<0.05). Pollen viability determined by FDA staining (Figure 2A) was about 50% in both exposed and control plants ( Figure 2B ), and no effect of the beetle was found.
Total pollen allergenicity was assessed by slot blot technique. Figure 3A shows a representative membrane after immunodetection with a pool of sera from selected ragweed allergic patients. Image analysis was applied to quantify immunochemical signals: the integrated optical density (IOD) of immunoreactive sposts with respect to the IOD of standard (sample IOD/standard IOD) was measured. On average, the reactivity signal of pollen samples from plants exposed to O. communa ranged from 0.97 to 1.04 whereas that of control plants ranged from 1.00 to 1.04 (relative units; Because stress due to the conditions, caging and unintended infections occurred in both exposed and control plants, it was still possible to assess the additional effect of the heavy stress of the This study represents a first attempt to define the effect of O. communa on ragweed pollen amounts and allergenicity. More extended studies in controlled and field conditions are presently underway. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
